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BALANCED CAPACITANCE LEAD FRAME FOR INTEGRATED CIRCUITS

TECHNICAL FIELD OF THE INVENTION
This invention relates to integrated circuits,
and more particularly relates to a lead frame having
balanced capacitance for use with ihteqi"ated circuitry
5 packaging. '
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BALANCED CAPACI TANCE LEAD FRAME FOR | NTEGRATED CI RCUI TS
TECHNI CAL FI ELD OF THE | NVENTI ON -
i ntegrated circuits,
havi ng -
packagi ng.

This invention relates to
and nore particularly relates to a lead frane
bal anced capacitance for use with integrated ci

' BACKGROUND OF THE INVENTION

Various techniques have heretofore been used to

package integrated circuits.  For example, various

configurations utilizing lead frames to connect integrated
circuits have been developed, such as the £flip chip design
and the small outline J lead (SOJ) packaging techniques.
In many of these prior technigues, the integrated circuit
is mounted upon a pad provided by a lead frame, and wire

bonds connect from the integrated circuit to conductive
10 leads on the lead frame.

More recently, an integrated circuit packaging

technique termed the lead on chip (LOC) technique has been

developed. As described in the article entitled Volume

Prpduction Of Unique Plastic Surface-Mount Modules For
15 The IBM 80-ns l1-Mbit DRAM Chip By Area Wire Bond
Techniques by William C. Ward, published at the 38th ECC
in 1988, this .technique disposes a lead frame over the
active area of an. integrated circuit. Adhesive insulating
tape connects the lead frame over the integrated circuit,
20 and wire bonds connect the circuit directly to the power
buses on the lead frame or jumper over the power buses to
conductive leads to provide the correct signal routing.
The ability to jump wires over various lead frame leads
provides significant advantages by allowing alterable
25 ‘package 1/0 without chip redesign, since the wires can
_ readily be routed over wvarious buses or leads similar to

conventional wire bonding as done on direct chip attached
‘circuit cards.

Wwhile prior packaging techniques have worked
10 . well in practice for many designs, with the advent of more
complex and smaller scale integrated circuits, it has
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become impoftant to obtain equal loading capacitances for
the input leads on the integrated circuit package. The-
provision of equal capacitances for various conductive
leads is particularly significant for LOC applications,
since the lead frame is separated -£rom the active
integrated circuit by a layer of dielectric. The.
requirement of equal capacitances for the conductive input
leads has also become more important with the advent of
large dynamic random access memory (DRAM) circuits such as
the 16 meg DRAM. In such circuits, it is important that
each address line has the same loading capacitance as the
adjacent line in order to enhance the operational speed of
the DRAM. Moreover, a need has arisen in the LOC package
technique to provide additional noise shielding, which is
particularly important in LOC devices because of the
non-uniform metal closely adjacently disposed to the
integrated circuit. _ |

A need has thus arisen for a lead frame and
integrated ciréuitry packaging technique which provides
equal capac¢itances to all leaz conductors associated with
the integrated circuitry, while maintaining a high degree -

- of noise shielding thereto.
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disadvantages and problems associated with previously
developed packaging techniques have been substantially
reduced or eliminated by use'of the present packaging
invention. An integrated circuit is encapsulated in an
insulating package, with conductive leads extending from
‘portions of the integrated circuit to the external of the
'packaqe. EBEach of the conductive leads has substantially
the identical capacitance as the remaining conductive
leads.
' In accordance with another aspect of the

a lead frame is provided for integrated
circuitry which includes a plurality of elongated
conductive leads expending in a side-by-side relationship.
The first ends of the leads are dimensidned to be
connected to an integrated circuit and the second ends of
the leads are dimensioned to provide electrical connection
to external circuits. The geometrical area of each of the
leads are substantially identical such that fhe

capacitance of each. of the leads is substantially
identical. T

invention,

In accordance with yet another aspect of the
a lead frame is- constructed by providing
openings in a sheet of conductive material which define
two groups of conductive leads separated by at least one
power bus. Each group of the conductive leads includes a
plurality of elongated leads extending in a side-by-side
relationship normally to the power bus. The geometrical
area of each of the leads is substantially identical such

invention,
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that the capacitance of eéch of the leads is substantially
identical. .' .

In accordance with a more specific aspect of the
inventionl, each of the conductive leads has a trapezoidal
configuration, the geometric area of the trapezoidal
configuration of each of the leads being substantially
identical to the remaining leads. ' '

In accordance with yet another aspect of the
invention, at least one power bus is associated with the
integrated circuitry. Portions of the power bus are
oriented adjacent ones of the conductive leads and are
provided with substantially identical geometric areas as
the conductive leads in order to act as dummy leads to
ensure equal capacitance of the remaining leads.

In accordance with another aspect of the
a conductivé layer is disposed adjacent an
insulating layer which separates the lead frame and the
integrated circuitry in order to provide noise shielding .

invention,

 to the integrated circuitry.

In accordance .with yet another aspect of the
a inethod of forming an integrated circuit
package includes 'disposing a conductive lead frame
adjacent active portions of integrated circuit. The
conductive lead frame is insulated from the integrated
circuit. Portions of the integrated circuit are
selectively interconnected with portions of the lead
frame. The lead frame is configured and oriented such
that individual conductive leads have substantially
identical capacitances. ‘A conductive layer may be

provided to provide noise shielding to the integrated
circuit.

invention,
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jBRIEF DESCRIPTION OF THE DRAWINGS

| For a more completé understanding of the present
‘invention and the advantages thereof, reference is now
made to the following descriptions tak»n in conjunction
with the accompanying drawings, in which:

FIGURE 1 is a top view of the lead frame of the
present invention;

FIGURE 2 is a perspective, exploded view of the
‘lead frame of the invention showing the adhesive tape and
integrated circuit;

10

FIGURE 3 is a top view of the lead frame of the
invention showing the connection of the integrated chip
thereunder;

15 FIGURE 4 is a top view of the lead frame of the
invention showing wire bonds from portions ‘of the
integrated circuit to ones of the conductive leads of ;he
lead frame;

FIGURE 5 is a side view of the completed
20 1ntegrated circuit package; and
FIGURE 6 is a perspective view, partially broken

away, of a completed integrated circuit package utilizing
the present invention.
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because of the I

non-uni form netal closely adjacently disposed to the
i nt egrated. TR hus arisen for a | ead
frame and Bh&ﬁft TION. OF echni que whi ch provi des 20
equal capacitances toReflerring CemdEiGURE 3ssécileedd Sxane 10 of the
present invention comprises a metal sheet which may be

formad of, for example, full hard temper CDA alloy 151

s wvhich may be approximatelﬁ.ooein.in'uﬁm*ness and which may

be spot plated in gold, silver, or the like. The metal

sheet has a plurality of cutouts stamped therein to define '

a lead configuration. Specifically, ¢the 1lead '
configuration comprises a pair of power buses 12 and 14
10 which comprise 'elongated parallel conductive lines

suitable for receiving electrical power. A first group of

conductive leads 16 is disposed generally normally to the

power bus 12, with leads 16 being arranged in =z

side~-by~side relationship. Similarly, a second group of
15 conductive leads 18 is disposed generally normally to the=

power bus 14, with the leads 18 arranged in a.side-by-side

relationship. While it will be understood that different

nunbers of conductive leads wmay be prbvided in dependence
upon the integrated- ci:cuitry, in the illustrated
20 embodiment, ten conductive leads comprise the first group i
: 16 and ten conductive leads comprise the second group 18.
Conductive ‘leads 16 and 18 ‘are utilized-to provide input °
and output signals to the dssociatéd integrated circuit. '
End portions of power.bus 12 extend normally to
'25 the center portion of the power bus 12 and are identified
as dummy or false leads 20. Similarly, end portions of
power bus 14 extend generally normally to the central
portion of power bus 14 and are generally identified as
dummy or false leads 22. Each of the power buses 12 and
14 ‘also include center extensions 24 and 26. As will be
30 subsequently described in greater detail, these center bus



the i nt egrated circuitry, while maintaining a high degree of noi se
shi el di ng 't hereto. 25 30. :

REPLACEMENT SHEET

03 DEC 1996

extensions 24 and 26 operate as dummy or false conductive
leads to assist in maintaining equal capacitance of
neighboring conductive leads. '

An important aspect of the present invexition is
that each of the conductive leads 16 and 18 are formed
with a substantially identical geometric configuration.
In this wkay, each of the conductive leads 16 and 18 have
substantially identical capacitances. |

Cutouts in the lead frame sheet also define a

first gfoup 28 of lead extensions and a second group 30 of
"lead extensions.

10

As will be subsequently described, these
lead extensions 28 and 30 are partially cut or trimmed

away during final assembly of the integrated circuit

package. Support bars 32 and 34 are provided on opposite

ends of the wire frame in order to provide added support
to the encapsulated package.

15

Locking extensions 32a and 34a are provided to
enable ‘locking of the support bars 32 and 34 within the

plastic encapsulation to ensure integ:r._‘ity of the package.

20 In order to better understand the inventive

concept wherein equal capacitances are provided to each of
the conductive leads, conductive lead 36 will now be
described in greater detail. Lead 36 is comprised of
three different sections. The first section 36a is spaced

25 apart from and oriented normally to the central power bus
'12. The second or middle porfion 36b of the lead is

angled away from normal to the power bus 12 and has a

.trapezo:i.da]. cross~sectional area. The third section 36c

of the lead is disposed normally to the central power bus
30 12. As will be subsequently described, section 36a of the
lead is used to receive wire bbnding to an active portion
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of the integrated circuit located below the lead. Section
36c of the lead extends from the integrated circuit
package and is used to make physical contact with exterior
circuitry. Locking notches 36f are provided in the
conductive lead 36 to enable 'secure locking of the
conductive lead within the encapsulation plastic in
subsequent encapsulation steps to be described.

An important aspect of the present invention is

that each of the conductive leads 16 and 18 have

10 substantially idehtical cross~sectional afeas as lead 36.
As may be seen from the drawings, each of the first
sections of the leads which correspond to section 36a are
rectangular and have the identical cross-sectional area.
Similarly, each of the trapezoidal areas corrésponding to
section 36b have substantially identical cross-sectionall
areas. An important aSpect of the invention is that each
of the mid sections of the conductive leads which form the
trapezoidal areas have identical length upper and lower
bases which form the trapezoidal area. Specifically, the
20 base 36d. of lead 36 is identical in length as the

corresponding bases for all other conductive leads on the
lead frame. Similarly,

15

the base 36e forming the lower
base of the trapezoidal area has an identical length as
all other éo:responding bases in the remaining conductive

25 leads. It may also be seen that the heights of the

" trapezoidal areas of all the conductive leads 16 and 18

are the same. Since trapezoids with equal bases and equal

heights have equal areas, the present invention provides
an easy technique to ensure that all mid areas of the

30 conductive leads are equal. Similarly, it may be seen

that the areas of each of the third sections 36q of the
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An important aspect of the present invention is
the provision of the trapezoidal mid-sections of the
conductive leads which enable the leads to diverge from
normal to accommodate sufficielit size external lead pads
to ensure adequate electrical contact with exterior
10 circuits. Specifically, it may be seen that the top five

conductive leads forming group 16 diverge from normal in
an- ixpwa.rd angle, while the bottom five conductive leads

forming group 16 diverge from normal at a downwardly

oriented angle. Similarly, the first five conductive

15 leads forming group 16 diverge from normal at an upward

angle, while the bottom five leads diverge from normal at

a downward angle. The unique geometry of the conductive

leads enables this divergence without a change in
geometrical area and resulting ‘capacitance.

20 . Another impor’:ta.nt aspect of the invention is the .
provision of the dummy or false leads 20 and 22 as well as
the center bus extensions 24 and 26 which form dummy or

false leads. Without.these dummy or false leads, certai.n_
of the conductive leads of the invention could have

25 Elifferinq capacitances than_ their neighbors, because such.
leads were not surrounded on both sides with identically
shaped leads. With the provisions of the identically .
shaped dummy or false lead extensions 20~26 from the power,

buses 12 and 14, neighboring conductive leads may be
provided with identical capacitances.
without dummy or false lead 20,

For example,
30

qond\ictive lead 36 would;



ddentical-. ~ In accordance with yet anot her aspect of the
“invention, a lead frane is-- '

constructed by providing 25 openings in a
sheet of conductive material which define

.ot e ictive
| eads separated by at |east one pbwer bus. lﬂfgﬁﬁﬁé of v

conductive | eads includes a plurality of elangated | eads ex}t endi ng

in a side-by-side relationship normally to | hge PBBECHAR% The

geonetri cal 30 area of each of the leads is sub
such

stantially identj cal

have onl& its lower neighbor conductive lead closely

, associated therewith. However, with the provision of the

upper dummy lead 20, which is provided with an identical
5 éhape to conductive lead 36, lead 36 is surrounded on both
! gides by identical leads.

Similarly, the center bus extensions 24 and 26

operate to provide equal capacitance to their neighbor
leads. As may be seen, extensions 24 and 26 are of
1o identical construction and each have a Y configuration.
_Referring specifically to extension 24, the Y

configuration includes a leg 24a and 24b. It may be seen

that each of the legs 24a and 24b are identical in
construction and that they have substantially the same

15 trapezoidal configuration as the mid portions of the two

adjacent cénductive leads. The legs 24a and 24b do not

extend as far outwardly from power bus 12 as do the
cpnductive leads, since ‘the legs 24a and 24b will not
extend outside of the hermgtically sealed package.
20 Locking notches 24c are provided in each of the legs in
'order to maintain the substantially identical ceometric
_area, to ensure that the neighboring conductive leads see
a substantially identical conductive mass to ensure that

. substantially identical capacitance is maintained in those
25 adjacent conductive leads.

The Y shaped configuration of the extensions 24
and 26 enable equal capacitance to be provided to_the
conductive leads of the invention, even with the diverging

orientation of the leads as previously described.

In some
30 cases,

a small capacitance imbalance may be initiallyg§
provided because the geometries of the legs 24a and 24b
are not identical with those of the neighboring conductive
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leads. However, this imbalance may be nullified by

carefully selecting the length of the legs 24a and 24b to
provide the desired exact capacitance balance.

FIGURE 2 illustrates a perspective exploded view
of the connection of the lead frame 10 to an integrated
circuit 40. Integrated circuit 40 may comprise any
suitable type of integrated circuit for use with a' lead
frame 10, but it has been found particﬁlarly advantageous
to use the present lead frame with integrated circuits
such as DRAMs. 1In particular, because of the extreme
complexity and small dimensions associated with circuits
such as the 16 meg DRAM, the preseht invention is
particularly adaptable for use with such complex circuits.

In accordance with the invention, two pieces of
doubieﬁsided.adhesive 42 and 44 are disposed over the top
of the integrated circuit 40 and attach the léad frame 10
over the top of the integrated circuit 40. It is this
configuration which leads to the description of the lead
over chip (LOC). The use of the double-sided adhesive 42

and 44 is known, and the adhesive wr=ry comprlse,
example,

for
a double~sided thermosetting epoxy adhesive

coated polyimide £ilm which also acts as an active
barrier. The integrated circuit 40 and the lead frame 10

form a self supporting structure. The power buses 12 and

14 and the conductive leads 16 and 18 provide for highly
efficient central distribution of voltage, ground and
control signals. The power buses 12 and 14 and conductive
leads 16 and 18 are laminated directly over the primary

heat generating circuits of the integrated c1rcu1t thus
optimizing heat dissipation.
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- In accordance with yet
‘anot her aspect of the invention, at |east Jpenpwes
associated with the 10 integrated circuitry. ?ﬁgcg ﬂfgggﬁgomer bus
are oriented adjacent ones of the conductiye(leads and are

provided with substantially identical georret ric afeas S DEC 1996 t he
conductive leads in order to .act as dumylBeads t¢ ensure eqpal
capaci tance of the remaining | eads. 15 M accordamtelwit h

anot her aspect of the i nvention, a conductlive layer is disppsed

adj acent an i nsul ating | ayer which separates the lead frane and the -
integrated circuitry in order to provide noise shielding to the

integrated circuitry. 20 I n accordance with yet another
aspect of the invention, a nmethod of formng an integrated circuit
package includes dispositgen thedustdd/eframel flanis affixed aeffecenheact i ve

portions of iniegkataded é£+bdit YOEin the manner shown in FIGURE 2, the
resulting configuration will appear as shown in FIGURE 3,
which comprises a top view of the finished subassembly.
The power buses 12 and 14 comprise spaced apart parallel
conductive buses which run along the middle of the
integrated circuit 40. The adhesives 42 and 44 are spaced
apart such that active portions of the integrated circuit
40 are exposed for bonding to the conductive leads of the
10 invention as will be -subsequently described. Again, the
' identical configuration of the conductive leads 16 and 18
may be seen, which provides the substantially identical
capacitance provided by the invention.
Referring to FIGURES 2 and '3, another important
1% aspect of the invention may be understood. Because of the
irregularity of metal dispbsed ov-er the integrated circuit
40, certain circu:i._ts within the integrated circuit 40 are
subject to noise. It has been determined that the
provision of a conductive layer associated with the
20 - adhesives 42 and 44 serves %2> substantially shield the
integrated circuit from the non-uniform leads of the lead
frame. In accordance with the invention, a layer of
conductive metal such as copper may then be placed on the
sides of the adhesives 42 and 44 aﬁay from the integrated
25 circuit 40. Adhesive may then be deposited over the
metallic layer for connection to the underside of the lead
frame 10. Substantial noise shielding is thus provided by

the conductive layer associated with the bonding adhesives
42 and 44.

10 After the lead frame 10 has been connected to |
the integrated circuit 40 by adhesives 42 and 44, the
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subassembly is laminated under suitable temperature and

pressure conditions and is then oven cured to fully
cross-link the adhesive.

FIGURE 4 illustrates the next stage of assembly

of the present invention vherein high speed thermosonic

gold ball wire bonding is accomplished. While it will be

understood that various types of wire bonding may be

utilized with the invention;, bonding wusing 0.001 in.

diameter gold wire has been'éu:ccessfully accomplished. As
noted, the gold wire bonds selected portions of the
integrated circuit 40 to selected portions of the power
buses 12 and 14 and to the conductive leads 16 and 18.
For example, wire lead SO connects the integrated circuit

to power bus 12, while wire lead S2 bonds the integrated.
circuit to one of the conductive leads 16.

10

15 : It will be
understood that th'e' wire bonding scheme will vary'

depending upon the particular configuration of the
integrated circuit 40 used with the invention.

After testing of the wire bond ball connections g
by suitable shear and pull tests, transfer molding of the °
invention with a molding compound is conducted.

20

While

different molding compoundé are usable with the present
invention, a Novolac époxy mold compound-has been found to
work well to encapsulate the entire integrated circuit

25 device. Because of the complexity of the circuitry, low
stress mold techniques are utilized. The molded device is

then cured, deflashed and lead preparation is conducted on
the external leads. The leads are then trimmed and formed
by bending to produce the nearly finished product depicted
30 in EIGURES S and 6.
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FIGURE S illustrates an end view of the
substantially finished product wherein the integrated
circuit 40 may be seen encapsulated within a plastic body
56. Conductive leads 16 and 18 are shown extending from
over the integrated circuit 40 and adhesives 42 and 44 to

external of the molded plastic body 56. Leads 16 and- 18

are bent for suitable physical and electrical contact with
external circuitry. Wire bonds SO0 and 52 may be seen
connecting portions of the integrated circuit 40 with the
leads 16 and 18.

FIGURE 6 illustrates in perspective a partially
cut away view of the finished semiconductor package. The
plastic encapsulation totally surrounds the integrated
circuit 40 and all portions of the adhesives 42 and 44.
FIGURE 6 illustrates clearly the side-by side symmetrical
relationships of the lead conductors 16 and 18. It may be'
seen thaf the geometry and shape of each of the twenty
conductive leads 16 and 18 are substantially identical to
one another and that the trapezoidal middle section of the
conductive leads enables the leads to diverge from one
another while yet maintaining identical geometry. It may
also be seen how the dummy or false leads 20-22 act to
balance the capacitance of the end conductive leads.
FIGURE 6 further illustrates the center bus extensions 24
and 26 and shows how the geometry of the Y shaped legs of
the extensions 24 and 26 operate ‘as dummy or false leads

to balance the capacitance of the diverging neighboring
conductive leads.

Again, the-proﬁision of the metallic coating on

the adﬁesive tapes 42 and 44 tends to isolate the elements
on the integrated circuit 42 from electrical disturbances
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in the lead frame 10.

The resultant sfmmetry of the

present lead frame design and the addition of the dummy or

false leads from the power buses i

mproves the thermal

dissipation and lowers thermal or tenperature gradients of

S the packaging system, thus allowing
and more evenly distributed thermal

a greater number of
paths.

An important aspect of the invention is that by
balancing the capacitance in the manner described above,

the equality of loading capacitance

between signal leads

.10 is maintained at all lead frame heights above the surface

of the integrated circuit 42. In
possible to provide the conductive

other words, it is
leads 16 and 18 with

upsteps or downsteps at any arbitrary line parallel to the

edge of the integrated circuit package.

15 the conductive leads may be steppéd

In this manner,
up or down as, needed

in order to control the total loading capacitanée of the
package, while maintaining the equality of capacitgnce

between the individual conductive leads.

or down setting of the leads enable

Moreover, the up
s accurate control of

20 the thermal dissipation properties of the package and the

stress distribution of the package.

The provision of such

up or down steps in the conductive leads while maintaining
equal capacitance is not available with other designs due
to the differing geometries of-the neighboring leads.

25 ' When the device is fabricated to the stage

indicated by FIGURE 6, additional

eutectic lead solder dipping, singulation,

lead finishing with
marking,

inspection test and burn-in are required to complete the

final product for use.

30 ‘ While it will be wunderstood that the actual

dimensions of the lead frame 10 of

the present invention



30 -
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will vary in dependence ubon its intended use, it has been
found that a typical width of section 36a (FIGURE 1) may

be 6.015 in.while the width of the thi._r:d section 36¢c of the

conductive lead may comprise .. .025 in, The - total

S length of a conductive lead 16 or 18 in the preferred
embodiment may be 0.3 in.

The above-noted
dimensions have been found to adequately accommodate an

integrated package having the dimensions 340 x 660mm.

Although the present invention has
10 described in detail,

changes,

been
it should be understood that various
substitutions and alterations can be made herein
without departing from the spirit and scope of the
invention as defined by the appended claims.

15

20

25

30



 DETAiLED DESCRI PTI ON OF THE | NVENTI ON Referring to FIGURE 1, a
| ead frame 10 of the present jnvention conprises a netal sheet which may

be. formed of, for exanple, full hard tenper CDA alloy 151 5 which may
be appr oxi rrateLy_pOO8—|—n~—r—ﬁ—t—h1—ckness and whi ch dted in
& MFMF ’rﬂﬁq Qrﬁ ‘C‘L

gold, silver, or the like. T tal sheet has| & touts
st anped therein m“ﬁmu u Bﬂrl ead cHhfiguratilon. 21;)em ficalll yf, t he
| ead conflg a pair of power HudesO 3DEG 194 .10] which

conprise el ongated paraIIeI conductive lines sui.tabl e for regeiving
el ectrical power. A first group of conductiveg | eads 16 1s dispgsed
generally normally to the- :
CLAIMS:
1. A lead frame for integrated circuitry
comprising:

a plurality of elongated conductive leads
extending in a side-by-side pelationship, first ends of
said leads dimensioned to be connected to an integrated
circuit and second ends of said leads dimensioned to
provide electric connections to external circuits;

the geometrical area of each of said leads'being
substantially identical such that the capacitance of each
10 ©of said leads is substantially identical.

2. The lead frame of Claim 1 wherein each of
said conductive leads has a trapezoidal configﬁration, the
geometric area of said trapezoidal configurat1on of each
said lead being substantially identical.

3. The lead frame of Claim 2 wherein said
trapezoidal configuration of each said lead is disposed
between said first and second ends of each said lead.

4. The lead frame of Claim 1 and further
comprising:
an elongated power bus having a central portion
- disposed normaily to said conductive leads and further
5 having end portions which extend in a side-by-side
relationship to said conductive leads, said power bus end
portions having substantially identical gedmetric areas as
said conductive leads to act as false neighboring leads to

maintain equal capacitance for all of said conductive
10 leads.

e
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npome} bus 12, with | eads 16 being arranged in a si de- by-si de
“relationship. Simlarly, a second group of 15 conductive leads 18 is

- disposed generally normally to t he power bus ] !

arranged in a side-by-side . rel ationship. Wi ljeL FiEHed ﬂhﬁééstood
that different numbers of—ctonductive | eads may We provided T} !
dependence ted cirXitry, in gh |63@sgtﬂﬁ;be;d p
enbodi nment, ter mmml i[lﬂamﬁﬂg conprise the first g¢roup ANl ten
conductive Iea S COnpLi ssecond group 18. ds| 16 and
18 are utilized-to provide input and output signals to the assotiated

integrated circuit. End portions of power

bus " IZ extend

normal ly to the center portion of the power bus 12 and are identified
25 as dummy or false leads 20. Simlarly, end portions of power
bus 14 extend general lg. norm | yedd ERamecrss atlaim 1 m{dlﬂmﬂiepomr bus

14 and are gggx%gijsy &dent I fied as

10

an elongated power bus having a central portion
extending normally of said conductive leads and spaced
from said first ends of said leads; '

an extension from said power bus extending
between two groups of said leads in a side-by-side
relationship to said leads; '

said extension havimj substantially identical
geometric areas as said leads to act as false neighboring
leads to maintain equal capacitance for said leads.

6. The lead frame of Claim 1 wherein said.
conductive leads have an angled mid portion, ones of said

conductive leads angled away from others of said

conductive leads.

7. The lead frame of Claim 6 wherein said
angled mid-portion of said conductive leads forms
trapezoidal areas, said tfapezoidal areas of all said
conductive leads being substantially identical.

Nl




dunny or false |leads 22. Each of the power
“incl'ude center

described in gr

8

10

buses 12'and

14 al so
extensions 24 and 26. As wll be subsequently
reater detail . center bus
- REPLACEME:"
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8. A lead frame comprising:
a sheet of conductive material;

openings through said sheet to define two groups
of conductive leads separated by at least one power bus;
each group of ccaductive leads including a
plurality of elongated leads extending in a side-~by-side
relationship normally to said power bus; and

the geometrical area of each of said leads being
substantially identical such that the capacitance of each
of said leads is substantially identical.

9. The claim of Claim .8 wherein the middle

portion of each of said_ leads has a trapezoidal
configuration of identical geometric area.

10. The claim of Claim 8 wherein said power bus

includes end portions oriented in a side<by-side
relationship to one of said groups of conductive leads,

said end portions having substantially identical geometric
areas as said conductive leads. -

11. The claim of Claim 8 wherein said power bus
includes an extension disposed in the middle region
thereof, said extension extending normally from said bus
between ones of said conductive leads in a side-by-side
relationship, said éextension having substantially the same
geometric area as said conductive leads to act as a dummy

lead to insure equal capacitance of said conductive leads.

12. The claim of Claim 11 wherein said

extension has a Y shaped configuration, each leg of said ¥
shaped configuration having the same geometric area as

corresponding portions of adjacent conductive leads.

This Sheet Has Been Re laced
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uextehsiqns 24 and 26 operate as dummy or fal se conductive - - leads to

assi st in maintaining equal capacitance of nei ghbori ng conductive

| eads. . An i nportant aspect §$ : ention is 5
t hat each of the conductive leads 16 and 18 wF”“ﬁQF%HEETVMth a
substantial ly IC conflgurat I n ghifs way, each
of the conduct“mmm"'ﬁmlm‘ 18 have ,, _ sdl!@t&&ﬁ %6 y |i dent i cal
capaci t ances. touts |n tHe {l ead frane shg¢ef§ al so define
a 10 first group 28 of |ead extenS|ons dnd a second group|30 of

| ead extensions. As will be subsequently descrihed, these | ead
extensions 28 and 30 are partially cut or tri mred away during final

assenbly of the integrated circuit - package. Support bars 32 and 34
are provi ded on opposi 18 15, legads fg_famghef%r ecéﬁéé@tiéh orgler aho provi de
added Supportintegrated circuit comprising:
" a pair of parallel elongated conductlve buses;
first and second groups of conductive leads
5 arranged on opposite sides of said power buses, each said
group extending normally away from said power buses;
said conductive leads in each said group being
arranged in a side-by-side relationship along the length
of said pover buses; -
10 the area of each of said conductive leads being

substantially identical such that the capacitance of said’
leads is substantially identical.

14. The apparatus of Claim 13 wherein said
integrated circuit is disposed beneath and supports said
lead frame, connecting wires electrically connecting areas
of said integrated circuit to ones of said poﬁer buses and

5 said conductive leads to form an active integrated circuit
device. .

15. The apparatus of Claim 13 wherein said
integrated circuit is separated from said lead frame by a
nonconductive layer.

_ 16. The apparatus of Claim 15 wherein said
nonconductive layer includes adhesive to bond said lead
frame and said integrated circuit.

17. The apparatus of Claim 16 and further
.comprising a conductive layer over said nonconductive
layer to act as a noise shield to said integrated circuit.

—_—_—
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.to the encapsul at ed package. Locki ng extensions 32a and

34a are provided to enabl e | ocki ng of the support bars 32 and 34
wi;t hin the pl astic encapsul ation to ensure integrity of the
package. 20 In order to better understand th j 've

concept wherein equal capacitances are provided to eac

conductive | eads, conductive lead 36 will now be m “\&%‘!
greater detail. Lead 36 is conpri sed of t hree H“I | dgns.
The first section 36a is spaced 25 apart fromand ort efited normally to-
t he central power. bus 12. The second or niddle portion 36b of the
lead is angl ed away fromnormal to the power bus 12 and has a
trapezoi dal cross-sectional area. The third section 36c¢ of the |ead
is disposed normally to the central power bus 30 12. As wi'll be
subsequent |y descri berB. seriié cappiGeatafs td Claim 17 viemrkirs essdd df receive
wire bondi Ngat & @Qn&ﬁé{:i/@e pfl{édé)'has a trapezoidal conf:.guration, the
geometric area of said trapezoidal configuration of each

said lead being substantially identical.

19. The apparatus of claim 13 wherein each of
said power buses includes end portioné which extend
generally normally to the central said power buses and
vhich lie side-by-side with said conductive leads.

20. The apparatus of Claim 13 wherein each of
said power buses includes a false lead extension which
extends normally from the center of said power buses
between ones of said conductive leads, said extension

S having a Y configuration with leg portions having

substantially identical areas as corresponding portions of
adjacent conductive leads. '

21. The lead frame of Claim 13 wherein each of
. said conductive leads includes a first end portion
adjacent and normal to one of said power buses; and
each of said conductive leads further inciud.ing
s a central portion angled from normal and further including
a second end portion remote from said power buses and
extending normally to said power buses.

;aced \ | REF] :i éi;fﬁﬁ'l‘
\\\\\\\\\\\\\\\\\\\\\\\\ | .
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22. The lead frame of Claim 21 wherein said
central positions of said conductive leads have a
trapezoidal configuration, the trapezoidél bases of each
of said conductiyé leads being equal in length to ensure

.said trapezoidal configuration of each conductive lead is
substantially equal in area.

23. The lead frame of Claim 21 wherein said
central portions of one;half_of said first and second
groups of conductive leads extend at diverging angles to

the remaining one-~half of said conductive leads in each
said group.

|REPLACEMENT SHEET
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\of“the integrated circuit | ocated below the | ead. Section 36¢c of the

| ead extends fromthe integrated circuit package and is used to nake
physi cal contact with exterior circuitry. Locking notches 36f are
provided in the 5 conductive | ead 36 to enabl e secure Iocking of the

conductive lead within the encapsul ation plastic in

encapsul ati on steps to be descri bed. ect of
the present invention is t hat eath2$f~t he conductlv I !f

have 10 substantially identical cross-sectional areas as ﬂm'”uw
As may be seen fromthe draw ngs, each of the first - sectlons of '
| eads which correspond to section 36a are rect angul ar and have the

i dentical cross-sectional area. Simlarly, each of the trapezoi dal
areas corresponding to 15 section 36b have substantially identical
cross-sectional 24 caAn Amtiegnatieshcixcpétt devicd conpudstingn i s t hat
each of the md ﬁ%Cti%ﬁté&‘e cfi%@‘i%t | ¥RchpadFatidu Chif Orgn t he

insulating package;

conductive leads extending from connectlons to
5 portions of said integrated circuit to external of said
package;
each of said conductive leads having

substantially identical capécitance as the remaining
conductive leads.

25. The integrated circuit device of Claim 24
and further comprising:
at least one power bus extending adjacent said
integrated circuit and said conductive leads; '
5 ' said power  bus including.extensions oriented
adjacent said conductive leads to act as false leads to

maintain equal capacitance of each of said conductive
leads.

26. The intzgrated circuit device of Claim 24
and further comprising: S

an insulating layer disposed between said
integrated circuit and said conductive leads; and

5 a conductive layer disposed on said 1hsu1atinq'

layer to provide noise shielding to said integrated
circuit.

REPLACEMENT SHEBT
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trapezoidal areas have identical |ength upper and | ower bases which

“formthé trapezoidal area. Specifi.cally, the 20 base 36d of lead 36 is
identical in length as the correspondi ng bases for_all other
conductive | eads on the |l ead frame. Simlarly, the ba

form ng
~the | ower base of the trapezoidal area has an ident| Iengt
all other correspondi ng bases in the remaining conductive
may al so be seen that the heights of the trapezoid @WII/
t he conductive | eads 16 and 18 are the sane. Since trape20|ﬂs
equal bases and equal hei ght s R&ve-equal areas, the present
I nvention provides

an easy technique to ensure that all md areas
of the 30 conductive leads are equal. Simlarly, it may be seen

that the areas of each of the third sections 36¢c of the
27. An iqtegrated circuit device comprising:
an integrated circuit;
a lead frame for being disposed adjacent an
active side of said integrated circuit; '
' connecting wires interconnecting portions of
said integrated circuit to portions of said leadlframe;
said lead frame including a plurality of
conductive leads arrayed in a side-by-side relationship
along at_least one side of said integrated circuit;

10 said conductive leads having. substantially

identical geometric areas to provide substantially

identical capacitances to said integrated circuit.

28. The integrated circuit device of Claim 27

wherein said integrated circuit comprises a dynamic random
access memory.

29. The integréted circuit device of Claim 27

wherein each of said conductive leads has an angled
portion which ‘defines a traperoid, the areas of the

trapezoids of said conductive leads being substantially
5 identical.

30. The integrated circuit device of Claim 27
and further comprising at least one power bus extending
substantially along the length of said integrated circuit,
said power bus including false lead extensions which lie
adjacent ones of said conductive leads to ensure that said
conductive leads have' substantially identicgl

capacitances.
Thk* REPLACEMENT SHEET
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210 conductive |l eads are identical. Since the geonetrical
“areas of each of the conductive .leads is identical, the capaci tance of
the leads will be found to be substantially identical. 5 An

| nportant aspect of the present invention is
* < L L s * :

._.26_

'31. The integrated circuit device of Claim 30

wherein said false lead extension comprises the end
~portions of said power bus.

32. The integrated circuit device of Claim 30

wherein said false lead extension comprises a centrally
located extension from said power bus.

33. The integrated circuit device of Claim 32

said centrally located extension has
configuration,

wherein. a Y

each leg of said configuration having a
substantially identical area as the corresponding area of
5 a neighbor conductive lead. '

14

34. The integrated circuit device of Claim 27

" wherein ones of said conductive leads are angled away from
others of said conductive leads.

35. .The integrated circuit device of Claim 27
ar.d further comprising a conductive shield formed between

said integrated circuit and said lead frame to providé
noise shielding.. '

| puriees
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the provision of the trapezoidal md-sections of the conductive |l eads
“whi ch enable the leads to diverge from- . normal to acconmobdate sufficient
size external |ead pads to ensure adequate electrical contact with
exterior 10 <circuits. Specifically, it may be seen that the top five
conductive |l eads formng group 16 diverge fromnormal in an upwar d
angle, while the bottom five conductive | eads formng group 16 diverge
fromnormal at a downwardly oriented angle. Simlarly, the first five
conductive 15 |leads form ng group 16 diverge fromnormal at an upward
angle, while the bottomfive | eads diver@¥ f+om normal at a downward
angl e. The uni que geonetry of the conductive " leads enables this

di vergence wi thout a change in . geonetrical area and resulting .
capaci tance. 20 Anot her EgPortant as ect of the invention is the

prOV|S|on of thEAHﬁNQEDcﬁARQQ¥§§NQ§1 @OEBﬁHEZE BSINEF¢RQEFD CIRCUITS

ABSTRACT OF THE INVENTION

A lead frame (10) is connected over an
integrated circuit (40) by adhesives (42) and (44).- Each
lead conductor (16) and (18) of the lead frame (10) has
the identical geometric area in order to provide identical
capacitaﬁ?:es. " A metal shield may be provided on adhesives
(42) and (44) to provide noise shielding for the
integrated circuit (40).

FIGURE 2

‘{
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.the center bus extensions 24 and 26 which form dunmy or fal se | eads.
Wt hout these dummy or false | eads, certain of the conductive | eads of
the invention could have 25 differing capacitances than their nei ghbors,
because such | eads were not surrounded on both sides with identically
shaped | eads. Wth the provisions of the identically - shaped dummy or
fal se | ead extensions 20-26 fromthe powed - buses 12 and 14,

nei ghbori ng conductive | eads may be . provided with identical

capaci t ances. For exanpl e, wi t hout dummy or false | ead 20,
conductive |l ead 36 woul d

1

g
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have only its | ower nei ghbor conductive 'l ead closely

associ ated therewith. However, with the provision of the upper dumry

| ead 20, which is provided with an identical shape to conductive | ead
36, lead 36 is surrounded on both sides by identical |eads. :
Simlarly, the center bus extensions 24 and 26 . operate to provide equal
capaci tance to their nei ghbor | eads2/3s nay be seen, extensions 24 and

26 are of 10

i dentical construction and each have a Y configuration,

REPLACT MENT SHERT
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Referring specifically to extension 24,. the Y configuration
-~ includes a leg 24a and 24b. It nmay be seen that each of the | egs 24a
and 24b are identical in construction and that they have substantially
the sane 15 trapezoidal configuration as the mid portions of the two |
adj acent conductive | eads. The 1egs 24§ gnd 24b do not extend as far
outwardly from power bus 12 as do the / conductive | eads, since the |egs
24a and 24b will not 2 ext eg d2t si de of40t he Her i cal |y, seal ed
package. 2010 Locki ng no{ches 24¢ afe provided in eacl’ of the-sj egs in

[

order to mainhain |y areejto
ensure that the néighbori condugtie | eads se a sustantiaP ly
i dentical conductijve mass to epgufe st a ntifal
capaci tance i s mai|nt : :
The Y shaped confijguriats ensi ﬂfﬁﬁi labl p equal
capaci tance to be |praw Lﬁ
| I T

E— i e
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C—— 3 \

— e
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conductive | eads of the I nvention, even with the diverging Rogipeq 2pos

orientation of th ” Huﬁusly described. In sone 30 cases, a
smal | capacitance initially provi ded because the
geonetries of the Iegs 4a and 224b are not identi cal mnth t hose of
t he nei ghboring conductive 12
18
CLAIMS : .
1. A lead frame for integrated circuitry
comprising:

a plurality of elongated conductive 1leads
extending in a side-by-side relationship, first ends of
said leads dimensioned to be connected to an integrated
circuit and - second ends of said leads dimensioned to
provide electric connections to external circuits;

the geometrical area of each of said leads being
substantially identical such that the capacitance of each
of said leads is substantially identical; and

an elongated power bus having a central portion
disposed normally to said conductive leads and further
having end portions which extend in a side-by-side
relationship to said conductive leads, said power bus end
portions having substantially identical geometric areas as
said conductive leads to act as false neighbouring leads
to maintain equal capacitance for all of said conductive
leads.

2. The lead frame of Claim 1 wherein each of
said conductive leads has a trapezoidal configuration, the
geometric area of said trapezoidal configuration of each
said lead being substantially identical.

3. The lead frame of Claim 2 wherein said
trapezoidal configuration of each said lead is disposed
between said first and second ends of each said lead.

4. The lead frame of Claim 1 and further
comprising : N
an elongated power bus having a central portion

extending normally of said conductive leads and spaced

from said first ends of said leads; ;~—:
i
Por

REPLACEMENT SHERT
19 SEP 1998




X

| eads. Homem may be nullified by careful ly
sel ecting tlﬁl’mg | egs 24a and 24b to provi de the desired
exact capacift® " ! -ﬁiﬂ, FIGURE 2 illustrates a

| .

perspective explfodéd w of the connection of the lead franme 10 to
an integrated circuit 40. IntegPated circuit 40 may conprise any

suitable type of int raé;,glglE 'ir itfazfq{ B%&d"“ %Bwérl egg?o'%’é%e’%i{e“?%f 10,

but it has been found particular 5Qantageou . [ ¢ esent
| ead framPstiveen nttétp aiBwuns cgift ssadd leadeh 38 DBRAVBLAe by pide cul ar,

because ofrdf: FXSIRIE to saidCDE@eXity and snmall di mensions associ at ed
wWith circuits spuch as the 16 neg, DRAM .t he present jnpvention is
_ safg extens?on ha&kng ngstan 1aiiy iéknt{caf
geometric areas as said leads to act as false neighbouring

leads to maintain equal capacitance for said leads.

5. The lead frame of Claim 1 wherein said
conductive leads have an angled mid portion, ones of said
conductive 1leads angled away from others of said
conductive leads.

6. The lead frame of Claim 5 wherein said
angled mid-portion of said conductive leads forms
trapezoidal areas, said trapezoidal areas of all said
conductive leads being substantially identical.

7. A lead frame comprising :

a sheet of conductive material;

openings through said sheet to define two groups
of conductive leads separated by at least one power bus;

each group of conductive leads including a
plurality of elongated leads extending in a side-by-side
relationship normally to said power bus; and

the geometrical area of each of said leads being
substantially identical such that the capacitance of each
of said leads is substantially identical;

said power bus including end portions oriented
in a side-by-side relationship to one of said groups of
conductive leads, said end portions having substantially
identical geometric areas as said conductive leads. _

1

8. The claim of Claim 7 wherein the middle

portion of each of said 1leads has a trapezoidal

configuration of identical geometric area.




particularly. able for ith such conplex circuits.
I n accordance rinH’”‘ﬂ two pieces of 15 doubl e- si ded
adhesive 42 a ‘“ h@ﬂd over the top of the integrated

circuit 40 and attach t"h frame 10 over the top of the
integrated circuit 40. It is this configuration which leads to the
description of the bead The cla@iﬁeéfc@li)lrﬁl—mher-@l‘fh ls%e.dnbom% gawpl e- si ded

adhesi ve 42 20 and 44 is known,, and t he adhe |ve n%y ri se, for
exanpl e, ANESUBPE- s?’aede’E'ﬁ%?%%%t t%@%‘w&y {inddie o middle’ Pegiopg
pol yi m dethei:abfv\hs@hdalemeaﬁmxﬁsem‘eraﬁtﬂg/mormally Peomi said Poe

I ntegrate ircuit 40 a t he Ieadfr formsa self .supporting
structureg %’ geﬁow%u%r]tg Si’zdaﬁan% eive a‘eﬁﬁf tlf‘Pe coﬁ&f}gtﬁ esllggds 16 and

18 provi deelatibnghlip, said exeénsiomiaviony mabstiagttiiadly dheobawel t age,
ground angeometric %Qgérg% §h@§a%§ndage RAEE g% hérand £4dﬁH&g
eads 16 y over t primary

conducti v ar e am nate I rectl
heat geneleafingocinaure seqial imapagidpnee®icisedg condygsive leads.

10. The claim of Claim 9 wherein said extension
has a Y shaped configuration, each leg of said Y .shaped
configuration having the same geometric area as
corresponding portions of adjacent conductive leads.

ii1. A léad frame for connection to an
integrated circuit comprising:

a pair of parallel elongated conductive buses;

first and second groups of .conductive leads

arranged on opposite sides of said power buses, each said
. group extending normally away from said power buses;

gsaid conductive leads in each said group being
arranged in a side-by-side relationship along the length
of said power buses;

' the area of each of said conductive leads being
substantially identical such that the capacitance of said
leads is substantially identical; and

each of said power buses includes a false
extension which extends normally f£rom the center of said
power buses between ones of said conductive leads, said
extension having a Y configuration with 1leg pdrtions
having substantially identical areas as corresponding
portions of adjacent conductive leads.

}

12. The apparatus of Claim 11 wherein said
integrated circuit is disposed beneath and supports said
lead frame, connecting wires electrically connecting areas
of said integrated circuit to ones of said power buses and

sald conductive leads to form an actlve integrated circuit
REPLACEMENT ‘“E".e 7
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13. The apparatus of Claim 11 wherein said
integrated circuit is separated from said lead frame by a
nonconductive layer.

14. The apparatus of Claim 13  wherein said
nonconductive layer includes adhesive to bond said lead
frame and said integrated circuit.

. 15. The apparatus of Claim 14 and further
comprising a conductive layer over said nonconductive
layer to act as a noise shield to said integrated circuit.

16. The apparatus of Claim 15 wherein each of
said conductive leads has a trapezoidal configuration, the
geometric area of said trapezoidal configuration of each
said lead being substantially identical.

17. The apparatus of Claim 11 wherein each of
said power buses includes and portions which extend
generally normally to the central said power busés and
which lie side-by-gside with said conductive leads.

18. The lead frame of Claim 11 wherein each of
said conductive leads includes a first end portion
adjacent and normal to one of said power buses; and

each of said conductive leads further including
a central portion angled from normal and further including
a second end portion remote from said power buses and
extending normally to said power buses.

19. The lead frame of Claim 18 wherein said
central positioﬁs of said conductive leads have a
trapezoidal configuration, the trapezoidal bases of each
of said conductive leads being equal in length to ensure
said trapezoidal configuration of each conductive lead is
substantially equal in area.

REPLACEMENT SHEET|
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Lglatfi on wil |

Wen the lead frame 10 is affixed over the EJACEM;‘
;

appear as. shown (NN WAFARIENIE i cn'chn

| eAvr op i gw of the
fini shed subassenbly* 3 " TYhe*power buses 1F é@dégﬁ 188’§pri de spaced apart
llo

paral | el conducti ve buses whi cl22 un ng the niddl g df the
I ntegrated circuit 40. The adhesives 42 and 44 are spaced apart such
that active portions _of the integrated cir c+ 40..are texposed for

bonding to the condudfiveTheadeast Eramggof Clw&nﬂﬁomw&wm spéd
subsequent t¥ntlests iggbiorabl, dde-half ofi CBdeCﬂhrsenfargyraébeﬂdof the

conductive | eads 16 and .18. . be seen ich provides,th
substantia???uPﬁeﬁ?iggdeCtlve 8§ﬁ%§¥f§ﬁf%&§5§bﬁgﬁﬂe ?%ea?ﬂ%%ﬁtF8n
Ref erri ng tbe Fir€uRE8iZgarmshe3;haibtder sasgorcpaductive lessfecinoéathe
i nvention ggydbgrgﬂggrstood. Because of the

21. An integrated circuit device comprising:

an integrated circuit encapsulated in an
‘insulating package;

conductive leads extendlng from connections to
portions of said integrated circuit to external of said
package; and '

at least one power bus extending adjécent said
integrated circuit and said conductive leads;

said power bus including extensions oriented
adjacent said conductive leads to act as false leads to
maintain equal capacitance of each of said conductive
leads.

22. The integrated circuit device of Claim 21
and further comprising : -

an insulating layef disposed between said
integrated circuit and said conductive  leads; and

a conductive layer disposed on said insulating
layer to provide noise shielding to said integrated
circuit. ' '

23. An integrated circuit device comprising:
an integrated circuit; _
a lead frame for being disposed adjacent an
active side of said integrated circuit;
_ connecéing wires interconnecting portions of
said integrated circuit to portions of said lead frame;
gsaid lead frame including a plurality of
conductive leads arrayed in a side-by-side relationship
along at least one side of said integrated circuit;
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ones of said conductive leads to ensure that said
conductive leads have substantially identical

‘capacitances.

24. The integrated circuit device of Claim 23
wherein said integrated circuit comprises a dynamic random
access memory.

25. The integrated circuit device of Claim 23
wherein each of said conductive leads has an angled
portion which defines a trapezoid, the areas of the

trapezoids of said conductive leads being substantially .

identical.

26. The integrated circuit device of Claim 23,
wherein said false lead extension comprises the end
portions of said power bus.

27. The integrated circuit device of Claim 23
wherein said false lead extension comprises a centrally
located extension from said power bus.

+28. The integrated circuit device of Claim 27
wherein said ' centrally located extension has a Y
configuration, each leg of said configuration having a
substantially identical area as the corresponding area of
a neighbour conductive lead.

29. The integrated circuit device of Claim 23
wherein ones of said conductive leads are angled away from
others of said conductive leads.
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14 : subassenbly is | am nated under suitable tenperature and

‘pressure Conﬂ“un“ﬂ"“'ﬂlm"”nrn oven cured to fully cross-link the
adhesive. . |
* ¢ L M *

24

30. The integrated circuit device of Claim 23
and further comprising a conductive shield formed between
said integrated circuit and said lead frame to provide
noise shielding. '

REPLACEMENT SHEET
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FFGURE 4 |ILu5£raIes the next stage of assenbly 5 of the presefignu-1 =
iBTant i-on wher ei f hi gh speed thernosonic gold ball wire bonding is
'accﬁnpllshed While it wll be -understood that various types of wire
bandi ng may be utilized with the invention, bonding using 0.001 in.
d¥anmet er gold wire has been successfully acconplished. As 10 noted, the
gold wire bonds sel ected portions of the . integrated circuit 40 to

sel ected portions of the power _byses 12 and 14 and to the conductive
| eads 16 and 18. ° For exanple, wire lead SO connects the integrated
circuit to power bus 12, while wire |lead 52 bonds the integrated 15
circuit to one of the conductive | eads 16. I't wll be under st ood t hat
the wire bonding schene will vary "~ dependi ng upon the particular
configuration of the integrated circuit 40 used with the invention.
After testing of the wire bond ball connections 20 by suitabl e shear and
pull tests, transfer nolding of the

BALANCED CAPACITANCE L.EAD FRAME FOR INTEGRATED CIRCUITS

TECHNICAL FIELD OF THE INVENTION _
This invention relates to integrated c1rcu1ts,

and more particularly relates to a lead frame having
balanced capacitance for use with integrated circuitry

5 packaging.
REPLACED BHEETS SG
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|nvent|on wi th a nol di ng conpound is tonducted. Wile di fferent

nﬁldlng conpounds are -usable wth the present I nvention, a Novol ac
epoxy nold conpound has been found to work well to encapsul ate the
entire integrated circuit 25 device. Because of the conplexity of the
circuitry, |ow stress nold techniques are utilized. The nol ded device
S then cured, deflashed and | ead preparation is conducted on

the external |leads. The leads are then trimed and forned by bendi ng

to produce the nearly finished product depicted- 30 in FIGURES 5 and 6.

BACKGROUND OF THE INVENTION

Various technigques have heretofore been used to

package 1integrated circuits. For example, various
configurations utilizing lead frames to connect integrated
5 circuits have been developed, such as the flip chip design
and the small outline J lead (S0J) packaging techniques.
In many of these prior techniques, the integrated circuit
is mounted upon a pad provided by a lead frame, and wire
bonds connect from the integrated circuit to conductive
10 leads on the lead frame.
' More recently, an integrated circuit packaging
technique termed the lead on chip (LOC) technique has been
developed. As described in the article entitled Volume
Production Of Unique Plastic Surface-Mount Modules For
15 The IBM 80-ns l-Mbit DRAM Chip By Area Wire Bond
. Techniques by William C. Ward, published at the 38th ECC
in 1988, this techniQue disposes a lead frame over the

active area of an integrated circuit. Adhesive insulating
tape connects the lead frame over the integrated circuit,
20 and wire bonds connect the circuit directly to the power
buses on the lead frame or jumper over the powér buses to
conductive leads to provide the correct signal routing.
The ability to jump wires over various lead frame leads
provides significant advantages by allowing alterable
25 | package I/0 without chip redesign, since the wires can
readily be routed over various buses or leads similar to
~conventional wire bonding as done on direct chip attached
circuit cards.
While prior packaging techniques have worked
30 well in practice for many designs, with the advent of more

complex and smaller scale integrated circuits, it has

_______ﬂ__ﬂﬁ___ﬁ___g
Sheet Has Been RTlaced |

i -



e

15 FIGURE'S il lfustrates an end view of the
sﬁbstantlally finished product wherein the integrated circuit 40 may
be seen encapsul ated within a plastic body 56. Conductive |leads 16
ang 18 are shown extending fromb5 over the integrated circuit 40 and
adhesi ves 42 and 44 to external of £he nol ded pl astic body 56. Leads
16 and 18 are bent for suitable physical and electrical contact with

become important to obtain equal loading capacitances for
the input leads on the integrated circuit package. The
" provision of equal capacitances for various conductive
leads is particularly significant for LOC applications,
5 since the lead frame is separated from the active
integrated circuit by a layer of dielectric. The
requirement of equal capacitances for the conductive input
leads has also become more important with the advent of
large dynamic random access memory (DRAM) circuits such as
10 the 16 meg DRAM. In such circuits, it is important that
each address line has the same'loading capacitance as the
adjacent line in order to enhance the operational speed of
the DRAM. Moreover, a need has arisen in the LOC package
technique to provide additional noise shielding, which is
15 particularly important in LOC devices because of the
non-uniform metal closely adjacently dispbsed to the
integrated circuit.
A need has thus arisen for a lead frame and
integrated circuitry packaging technigque which provides
20 equal capacitances to all lea2 conductors associated with
the integrated circuitry, while maintaining a high degree

of noise shielding thereto.

25

30
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external circuitry. Wre bonds 50 and*52 nay be seen connecti ng

p6rt|ons ‘'of the integrated circuit 40 with the 10 | eads 16 and 18.
FIGJRE 6 illustrates in perspective a partially cut away vi ew of the
fijni shed sem conduct or package. The pl astic encapsul ation totally
surrounds the integrated circuit 4G and all portions of the

adhesi ves 42 and 44. 15 FIGURE 6 illustrates clearly the side-by side
symetri cal rel ati onships of the |ead conductors 16 and 18. It may
be seen that the geonetry and shape of each of the twenty
conductive | eads 16 and 18 are substantially identical to one

anot her and that the trapezoidal m ddle section of the 20 conductive

| eads enabl es the | eads to diverge from one anot her while yet

mai nt ai ni ng |§L§@%A§§ Qﬁtfﬂvﬂhﬁ al so be seen how t he dummy
or false lea = al ance the capacitance of the end
conducti ve | eads. In REURRIBFar twieth | [Yhest Paesenthelip¥aREioBuUs

ext ensi ons 244j sadvantages and problems associated with previously
developed packaging techniques have been substantially

5 reduced or eliminated by use of the present packaging
invention. An integrated circuit is encapsulated in an
insulating package, with conductive leads extending from
portions of the integrated circuit to.the external of the

package. Each of the conductive leads has substantially

10 . the identical capacitance as the remaining conductive

leads.

In accordance with another aspect of the
invention, a 1lead frame is provided for integrated
circuitry which 1includes a plurality of elongated

15 conductive leads extending in a side-by-side relationship.
The first ends of the leads are dimensioned to be
connected to an integrated circuit and the second ends of
the leads are dimensioned to provide electrical connection
to external circuits. The geometrical area of each of the

20 leads are substantially identical such that the

' capacitance of each of the leads 1is substantially
identical. '

In accordance with yet another aspect of the
invention, a lead frame is constructed by providing

25 openings in a sheet of conductive material which define
two groups of conductive leads separated by at least one
power bus. Eéch group of the conductive leads includes a
plurality of elongated leads extending in a side-by-side
relationship normally to the power bus. The geometrical

30 area of each of the leads is substantially identical such
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25 id. and 26 and shows how the géonettry of the Y shaped | egs of

t he: extensions 24 and 26 operate as dummy or fal se | eads to bal ance
t he capaci tance of the diverging nei ghboring conductive | eads.
Agai n, the provision of the netallic coating on 30. t he adhesive tapes
42 and 44 tends to isolate the el enents 5 on the integrated circuit

42 fromelectrical disturbances

10

15

20

25

30

that the capacitance of each of the leads is substantially
identical.

In accordance with a more specific aspect of the
invention, each of the conduétive leads has a trapezoidal
configquration, the geometric area of the trapezoidal

configuration of' each of the leads being substantially

- identical to the remaining leads.

In accordance with yet another aspect of the
invention, at least one power bus is associated with the
integrated circuitry. Portions of the power bus are
oriented adjacent ones of the conductive leads and are
provided with substéntially identical geometric areas as
the conductive leads in order to act as dummy leads to
ensure equal capacitance of the remaining leads.

In accordance with another aspect of the
invention, a conductive layer is disposed adjacent an
insulating layer which separates the lead frame and the
integrated circuitry in order to provide noise shielding
to the integrated circuitry.

In accordance-with yet another aspect of the
invention, a method of forming an integrated circuit
package includes disposing a conductive lead f;gme
adjacent active portions of integrated circuit. The
conductive lead ffame is insulated from the integrated
circuit. Portions of the integrated circuit are
selectively interconnected with portions of the lead
frame. The lead frame is configured and oriented such
that individual conductive leads have substantially
identical capacitances. A conductive' layer may - be
provided to provide noise shielding to the integrated
circuit. | |

N\\
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16 . in the lead frane 10. The resultant symretry of the  present

| ead frame design and the addition of the dummy or fal se |l eads fromthe
*power buses inproves the thernal di ssipation and | owers thernmal or
tEémperature gradients of 5 the packagi ng system thus allow ng a greater
Junber  of and nore evenly distributed gt hermal paths. An

i mportant aspect of the invention is that by bal anci ng t he capaC|tance I n
t he manner descri bed above, the equality of |oading capacitance between
signal leads 10 is nmaintained at all |ead frame hei ghts above the surface

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present

invention and the advantages thereof, reference is now
made to the following descriptions tak:n in conjunction
5 with the accompanying drawings, in which:
FIGURE 1 is a top view of the lead frame of the -
present invention;
FIGURE 2 is a perspective,'exploded view of the
lead frame of the invention showing the adhesive tape and
10 integrated circuit;
| FIGURE 3 is a top view of the lead frame of the
invention showing the connection of the integrated chip
thereunder;
FIGURE 4 is a top view of the lead frame of the
15 invention showing wire bonds from portions of the
integrated circuit to ones of the conductive leads of the
lead frame; .
f‘IGURE S5 is a side view of the completed
integrated circuit package; and
20 FIGURE 6 is a perspective view, partially broken
away, of a completed integrated circuit package utilizing
the present invention.

25

30
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of the |ntegrated circuit 42. In othér words, it is possi ble to provide
the conductive |eads:16 and 18 with upsteps or downsteps at any arbitrary
line parallel to the edge of the integrated circuit package. In this
manner, 15 the conductive | eads may be stepped up or down as needed in
ofder to control the total | oadi ng capacitance of the package, while

mai ntai ning the equality of capacitance b2t ween t he indivi dual
conductive | eads. Moreover, the up or down setting of the | eads enabl es
accurate control of 20 the thernal dissipation properties of the package
and the stress distribution of the package. The provision of such up
.or down steps in the conductive |eads while maintaining - equal
capacitance is not available with other designs due to the differing
geonetries of the nelghborlng | eads. 25 When the device is

fi i shi ng wi ¢ h DETALLEE peech R & O, Hug . VENT 10800 at fon, mar ki ng.
Referring to FIGURE 1, a lead frame 10 of the
present invention comprises a metal sheet which may be
formed of, for example, full hard temper CDA alloy 151
5 which may be approximatelY.OOSjn. in thickness and which may
be spot plated in gold, silver, or the like. The metal
sheet has a plurality of cutouts stamped therein to define

a lead configuration. Specifically, the lead
configuration comprises a pair of power buses 12 and 14
10 which comprise elongated parallel conductive 1lines
suitable for receiving electrical power. A first group of
conductive leads 16 is disposed generally normally to the
power bus 12, with 1leads 16 being arranged in a
side-by-side relationship. Similarly, a second group of
15 conductive leads 18 is disposed generally normally to the
power bus 14, Qith the leads 18 arranged in a side-by-side
relationship. While it will be understood that different
numbers of conductive leads may be provided in dependence
upon the integrated c¢ircuitry, in the illustrated
20 embodiment, ten conductive leads comprise the first group
16 and ten conductive leads comprise the second group 18.
Conductive leads 16 and 18 are utilized to provide input
and output signals to the associated integrated circuit.
End portions of power bus 12 extend normally to
25 the center portion of the power bus 12 and are identified
. as dummy or false leads 20. Similarly, end portions of
power bus 14 extend generally normally to the central
portion of power bus 14 and are generally identified as
dummy or false leads 22. Each of the power buses 12 and
30 14 alsc include center extensions 24 and 26. As will be
subsequently described in greater detail, these center bus

____________________,___—_‘
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|nspect|on test and burn-in are required to conplete the final product

fot! use. 30 Wile it will be understood that the actual
di mensions of the lead frame 10 of the present invention
2 8 '

extensions 24 and 26 operate as dummy or false conductive
leads to assist in maintaining egqual capacitance of
neighboring conductive leads.

An important aspect of the present invention is

5 that each of the conductive leads 16 and 18 are formed
with a substantially identical geometric configuration.
In this way, each of the conductive leads 16 and 18 have
substantially identical capacitances.

Cutouts in the lead frame sheet also define a

10 first group 28 of lead extensiohs and a second group 30 of
lead extensions. Aé'will be subsequently described, these
lead extensions 28 and 30 are partially cut or trimmed
away during final assembly of the integrated circuit
package. Support bars 32 and 34 are provided on opposite

15 ends of the wire frame in order to provide added support
to the encapsulated package.

Locking extensions 32a and 34a are provided to
enable locking of the support bars 32 and 34 within the
plastic encapsulation to ensure integrity of the package.

20 In order to better understand the inventive
concept wherein equal capacitances are provided to each of
the conductive leads, conductive lead 36 will now be
described in greater detail. Lead 36 is comprised of
three different sections. The first section 36a is spaced

25 apart from and oriented normally to the central power bus
12. The second or middle portion 36b of the lead is
angled away from normal to the power bus 12 and has a
trapezoidal cross-sectional area. The third section 36c¢
of the lead is disposed normally to the central power bus

30 12. As will be subsequently described, section 36a of the
lead is used to receive wire bonding to an active portion

i
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will vary in dependencé upoh its intended use, it has been

f ound

that a typical wi dt h of section 36a (FIGURE 1) may be 0.015 in.while the

wi dth of the third section 36¢c of the conductive |ead nmay conprise .

in.
preferred

The total 5 length of a condgptive | ead 16 or ‘18 in the

enbodi nrent may be - 0.3 in. The above-noted
di nensi ons have been found to adequately accommpdate an

havi ng the di nensi ons 340 x 660nm Al t hough the present

i nvention
vari ous
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of the integrated circuit located below the lead. Section
36c of the lead extends from the integrated Circuit
package and is used to make physical contact with exterior
circuitry. Locking notches 36f are provided in the
conductive lead 36 to enable secure locking of the
conductive lead within the encapsulation plastic in
subsegquent encapsulation steps to be described.

An important aspect of the present invention is

that each of the conductive leads 16 and 18 have

substantially identical cross-sectional areas as lead 36.
As may be seen from the drawings, each of the first

sections of the leads which correspond to section 36a are
rectangular and have the identical cross-sectional area.
Similarly, each of the trapezoidal areas corresponding to
section 36b have substantially identical cross-sectional

~ areas. An important aspect of the invention is that each

of the mid sections of the conductive leads which form the
trapezoidal areas have identical length upper and lower
bases which form the trapezoidal area. Specifically, the
base 36d of lead 36 is identical in length as the
corresponding bases for all other conductive leads on the
lead frame. Similarly, the base 36e forming the lower
base of the trapezoidal area has an identical length as
all other corresponding bases in the remaining conductive
leads. It may also be seen that the heights of the
trapezoidal areas of all the conductive leads 16 and 18
are the same. Since trapezoids with equal bases and equal
heights have equal areas, the present invention provides
an easy technique to ensure that all mid areas of the
conductive leads are equal. Similarly, it may be seen

that the areas of each of the third sections 36c of the

-
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changes, .substitutions and alterations can-be made herein  without
departing fromthe spirit and scope of the I nvention as defined by the
appended cl ai ns. 15 20 '

10

15

20

25

30

10

conductive leads are identical. Since the geometrical
areas of each of the conductive leads is identical, the
capacitance of the leads will be found to be substantially
identical.

An important aspect of the present invention is
the provision of the trapezoidal mid-sections of the
conductive leads which enable the leads to diverge from
normal to accommodate sufficient size external lead pads
to ensure adequate electrical contact with exterior
circuits. Specifically, it may be seen that the top five
conductive leads forming group 16 diverge from normal in
an upward angle, while the bottom five conductive leads
forming group 16 diverge from normal at a downwardly
oriented angle. Similarly, the first five conductive
leads forming group 16 diverge from normal at an upward
angle, while the bottom five leads diverge from normal at
a downward angle. The unique geometry of the conductive
leads enables +this divergence without a change in
geometrical area and resulting capacitance.

Another important aspect of the invention is the
provision of the dummy or false leads 20 and 22 as well as
the center bus extensions 24 and 26 which form dummy or
false leads. Without these dummy or false leads, certain
of the conductive leads of the invention could have
differing capacitances than their neighbors, because such
leads were not surrounded on both sides with identically
shaped leads. With the provisions of the identically
shaped dummy or false lead extensions 20-26 from the power
buses 12 and 14, neighboring conductive leads may be
provided with identical capacitances. For example,
without dummy or false lead 20, conductive lead 36 would

\
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have only its lower neighbor conductive lead closely
associated therewith. However, with the provision of the
upper dummy lead 20, which is provided with an identical
shape to conductive lead 36, lead 36 is surrounded on both
sides by identical leads.

Similarly, the center bus extensions 24 and 26
operate to provide equal capacitance to their neighbor
leads. As may be seen, extensions 24 and 26 are of
identical construction and each have a Y configuration.
Referring specifically to extension 24, the Y
configuration includes a leg 24a and 24b. It may be seen
that each of the legs 24a and 24b are identical in
construction and that they have substantially the same
trapezoidal configuration as the mid portions of the two
adjacent conductive leads. The legs 24a and 24b do not
extend as far outwardly from power bus 12 as do the
conductive leads, since the legs 24a and 24b will not
extend outside of the hermetically sealed package.
Locking notches 24c are provided in each of the legs in
order to maintain the substantially identical geometric
area, to ensure that the neighboring conductive leads see
a substantially identical conductive mass to ensure that
substantially identical capacitance is maintained in those
adjacent conductive 1éads.

The Y shaped configuration of the extensions 24
and 26 enable equal capacitance to be provided to the
conductive leads of the invention, even with the diverging
6rientation of the leads as previously described. In some
cases, a small capacitance imbalance may be initially
provided because the geometries of the legs 24a and 24b
are not identical with those of the neighboring conductive
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18 _CLAI M5 1. A lead "frane for integrated circuitry
conpr|5|ng a plurality of elongated conductive | eads extending
in a side-by-side relationship, first ends of said | eads dinensioned to be
connected to an integrated circuit and second ends of said |eads

di-mensi oned to provide electric connectiofs to external circuits;

the geonetrical area.of each of said | eads being substantially identical
such that the capacitance of each of said |leads is substantially identical;
and an el ongat ed power bus having a central portion disposed
normal ly to said conductive | eads and further

leads. However, this imbalance may be nullified by
carefully selecting the length of the legs 24a and 24b to
provide the desired exact capacitance balance.
FIGURE 2 illustrates a perspective exploded view
5 of the connection of the lead frame 10 to an integrated
circuit 40. Integrated circuit 40 may comprise any
suitable type of integrated circuit for use with a lead
frame 10, but it has been found particularly advantageous
to use the present lead frame with integrated circuits
10 such as DRAMs. In particular, because of the extreme
complexity and small dimensions associated with circuits
such as the 16 meg DRAM, the present invention is
particularly adaptable for use with such complex circuits.
In accordance with the invention, two pieces of
15 double-sided .adhesive 42 and 44 are disposed over the top
of the integrated circuit 40 and attach the lead frame 10
over the top of the integrated circuit 40. It is this:
. configuration which leads to the description of the lead
over chip (LOC). The use of the double~sided adhesive 42
20 and 44 is known, and the adhesive w2y comprise, for
example, 'a double-sided thermosetting epoxy adhesive
coated polyimide film which also acts as an active
barrier. The integrated circuit 40 and the lead frame 10
form a self supporting structure. The power buses 12 and
25 14 and the conductive leads 16 and 18 provide for highly
efficient central distribution of voltage, ground and
control signals. The power buses 12 and 14 and conductive
leads 16 and 18 are laminated directly over the primary
heat generating circuits of the integrated circuit, thus
30 optimizing heat dissipation.
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hauLng end portions which extend'in a'side-by-side relationship to said
conductive | eads, said power bus end portions having substantially

i denhti cal geonetric areas as said conductive | eads to act as fal se

nei ghbouring | eads to maintain equal capacitance for all of said conductive
| eads. 2. The lead frane of 3@ aim 1 wherein each of said
conductive | eads has a trapezoidal configuration, .the geonetric area of
sai d trapezoi dal configuration of each said | ead being substantially

i denti cal . 3. The lead frame of daim2 wherein said
trapezoi dal configuration of each said |ead is di sposed between said first
and second ends ‘of each said | ead.

When the lead frame 10 is affixed over the
integrated circuit 40 in the manner shown in FIGURE 2, the
resulting configuration will appear as shown in FIGURE 3,

- which comprises a top view of the finished subassembly.

S The power buses 12 and 14 comprise spaced apart parallel
conductive buses which run along the middle of the
integrated circuit 40. The adhesives 42 and 44 are spaced
apart such that active portions of the integrated circuit
40 are exposed for bonding to the conductive leads of the

10 invention‘as will be subsequently described. Again, the
identical configuration of the conductive leads 16 and 18
may be seen, which provides the substantially identical
capacitance provided by the invention.

Referring to FIGURES 2 and 3, another important

15 aspect of the invention may be understood. Because of the
irregularity of metal disposed over the integrated circuit
40, certain circuits within the integrated circuit 40 are
subject to noise. It has been determined that the
provision of a conductive layer associated with the
20 - adhesives 42 and 44 serves %> substantially shield the
integrated circuit from the non-uniform leads of the lead
frame. In accordance with the invention, a layer of
conductive metal such as copper may then be placed on the
sides of the adhesives 42 and 44 away from the integrated
25 circuit 40. Adhesive may then be depoéited over the
metallic layer for connection to the underside of the lead
frame 10. Substantial noise shielding is thus provided by
the conductive layer associated with the bonding adhesives
42 and 44. S
After the lead frame 10 has been connected to
the integrated circuit 40 by adhesives 42 and 44, the

30
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4...The. lead frame of Caim1l and further conprising an el ongat ed

BOVEE

bus having a central portion extending nornmally of sald conductive

| eads and spaced fromsaid first ends of said | eads;

19
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subassembly is laminated under suitable temperature and
pressure conditions and is then oven cured to fully
cross-link the adhesive.

FIGURE 4 illustrates the next stage of assembly
of the present invention wherein high speed thermosonic
gold ball wire bonding is accomplished. While it will be
understood that various types of wire bonding may be
utilized with the invention, bonding using 0.001 in.
diameter gold wire has been successfully accomplished. As
noted, the gold wire bonds selected portions'of the
integrated circuit 40 to selected portions of the power
buses 12 and 14 and to the conductive leads 16 and 18.
For example, wire lead 50 connects the integrated circuit
to power bus 12, while wire lead 52 bonds the integrated
circuit to one of the conductive leads 16. It will be
understood that the wire bonding scheme will vary
depending upon the particular configuration of the
integrated circuit 40 used with the invention.

After testing of the wire bond ball connections
by suitable shear and pull tests, transfer molding of the
invention with a molding compound is conducted. While
different molding compounds are usable with the present
invention, a Novolac epoxy mold compound has been found to
work well to encapsulate the entire integrated circuit

- device. Because of the complexity of the circuitry, low

stress mold techniques are utilized. The molded device is
then cured, deflashed and lead preparation is conducted on
the external leads. The leads are then trimmed and formed
by bending to produce the neafly finished product depicted
in FIGURES S5 and 6.
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an extension fromsaid power bus extending between two groups of said
|'eads: in a side-by-side relationship to said |eads; sai d

ext énsi on having substantially identical geonetric areas as said leads to
act as fal se neighbouring |leads to maintajn equal capacitance for said

| eads. _ 5. The lead frame of Gim 1 wherein said conductive
| eads have an angled m d portion, ones of said conductive |eads angl ed away
fromothers of said conductive | eads. 6. The |lead frane of

Claim5 wherein said angl ed m d-portion of said conductive | eads forns
trapezoi dal areas, said trapezoidal areas of all said

FIGURE S5 illustrates an end view of the
substantially finished product .wherein the integrated
circuit 40 may be seen encapsulated within a plastic body
56. Conductive leads 16 and 18 are shown extending from

5 over the integrated circuit 40 and adhesives 42 and 44 to
‘external of the molded plastic body 56. Leads 16 and 18
are bent for suitable physical and electrical contact with
extérnal circuitry. Wire bonds 50 and 52 may be seen
connecting portions of the integrated circuit 40 with the

10 ‘leads 16 and 18.

FIGURE 6 illustrates in perspective a partially
cut away view of the finished semiconductor package. The
plastic encapsulation totally surrounds the integrated
circuit 40 and all portions of the adhesives 42 and 44.

15 FIGURE 6 illustrates clearly the side~by side symmetrical
relationships of the lead conductors 16 and 18. It may be
seen that the geometry and shape of each of the twenty
conductive leads 16 and 18 are substantially identical to
one another and that the trapeioidal middle section of the

20 conductive leads enables the leads to diverge from one
another while yet maintaining identical geometry. It may
also be seen how the dummy or false leads 20-22 act to
balance the capacitance of the end conductive leads.
FIGURE 6 further illustrates the center bus extensions 24

25 and 26 and shows how the geometry of the ¥ shaped legs of
the extensions 24 and 26 operate as dummy or false leads
to balance the capaci;ance of the diverging neighboring
conductive leads.

Again, the provision of the metallic coating on

30 the adhesive tapes 42 and 44 tends to isolate the elements
on the integrated circuit 42 from electrical disturbances
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conducti.ve | eads bei ng substanti‘ally “i dentical. 7. Alead frane

eonpri.sing a sheet of conductive material; _ openi ngs

t hrough said sheet to define two groups of conductive | eads separated by at
| east one power bus; each grcnuiéﬁ conductive |l eads including a
plurality of elongated | eads extending i'h a side-by-side relationship
normally to said power bus; and the geonetrical area of each of
said | eads being substantially identical such that the capacitance of each
of said leads is substantially identical; sai d power bus

i ncluding end portions oriented in a side-by-side relationship to one of
sai d groups of conductive |eads, said end portions having substantially
i dentical geonetric areas as said conductive | eads.

in the lead frame 10. The resultant symmetry of the

present lead frame design and the addition of the dummy or
false leads from the power buses improves the thermal
dissipation and lowers thermal or temperature gradients of

5 the packaging system, thus allowing a greater number of
and more evenly distributed thermal paths.

An important aspect of the invention is that by
balancing the capacitance in the manner described above,
the equality of loading capacitance between signal leads

10 is maintained at all lead frame heights above the surface
of the integrated circuit 42. In other words, it is
possible to provide the conductive leads 16 and 18 with
upsteps or downsteps at any.arbitrary line parallel to the
edge of the integrated circuit package. In this manner,

15 the conductive leads may be stepped up or down as needed
in order to control the total loading capacitance of the
package, while maintaining the equality of capacitance
between the individual cénductive leads. Moreover, the up
or down setting of the leads enables accurate control of

20 the thermal dissipation properties of the package and the

_stress distribution of the package. The provision of such
up or down steps in the conductive leads while maintaining
equal capacitance is not available with other designs due
to the differing geometries of the neighboring leads.

25 When the device 1is fabricated to the stage
indicated by FIGURE 6, additional lead finishing with
eutectic lead solder dipping, singulation, marking, .
inspection test and burn-in are required to complete the
final product for use.

30 While it will be understood that the actual

dimensions of the lead frame 10 of the present invention
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8.,:-The claimof Caim?7 wherein'the middle portion of each of said |eads
has a trapezoi dal configuration of identical geonetric area.
20 9. The claimof Caim7 wherein said power bus includes an

eXtension di sposed in the mddle region thereof, said extension extending
normal Iy from said bus -

17

will vary in dependence upon its intended use, it has been
found that a typical width of section 36a (FIGURE 1) may
be 3.015 in.while the width of the third section 36c of the ~
conductive lead may comprise -.-025 in. The total

5 length of a conductive lead 16 or 18 in the preferred
embodiment may be 0.3 in. The above-noted

dimensions have been found to adequately accommecdate an
integrated package having the dimensions 340 x 660mm.
Although the present invention has been
10 described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the
invention as defined by the appended claims.

15
20

25
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beLmeen ones of said conductive l'eads'in a side-by-side relationship, said
extensi on having substantially the same geometric area as said conductive
| eads to act as a dummy lead to insure equal capacitance of said conductlve

|'eads. 10. The claimof dai w9 wherein sai

shaped configuration, each leg of said Y shaped configuration

sane geonetric area as corresponding portions of adj acmm!“ wm&“‘

| eads. 11. Alead frame for connection to an'i I+
conpri si ng: ' a pair of parallel elongated conductive buses

first and second groups of conductive | eads arranged on opposite S|des of
sai d power buses, each said
CLAIMS:

1. A lead frame for integrated circuitry
comprising:

a plurality of elongated conductive leads
extending in a side-by-sidé relationship, first ends of

5 said leads dimensioned to be connected to an integrated

circuit and second ends of said leads dimensioned to
provide electric connections to external circuits;

the geometrical area of each of said leads being
substantially identical such that the capacitance of each

10 of said leads is substantially identical.

2. The lead frame of Claim 1 wherein each of
said conductive leads has a trapezoidal configuration, the
geometric area of said trapezoidal configuration of each
said lead being substantially identical.

3. The lead frame of Claim 2 wherein said
trapezoidal configuration of each said lead is disposed
between said first and second ends of each said lead.

4. The lead frame of Claim 1 and further
comprising: .

an elongated power bus having a central portion
disposed normally to said conductive leads and further

5 having end portions which extend in a side~-by-side

relationship to said conductive leads, said power bus end
portions having substantially identical geometric areas as
said conductive leads to act as false neighboring leads to
maintain equal capacitance for all of said conductive

10 leads.
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grQup extendlng normal Iy away from said power buses; said
eonductive | eads in each said group being arranged in a side- by si de

retationship along the Iength of said power buses; the—areaof

each of said conductive |eads being subsfantially identical
Capacitance of said leads is substantialTy identical; and lﬂm Mi% IM!I,
sai d power buses includes a fal se extension which extends

center of said power buses between ones of said conductive |eads, said
extension having a Y configuration with | eg portions having substantlally

I dentical areas as correspondi ng portions of adjacent conductive |eads.

12. The apparatus of Caim11l wherein said integrated circuit is disposed

beneat h and supports said
5. The lead frame of Claim 1 and further

comprising:

an elongated power bus having a central portion
extending normally of said conductive leads and spaced
5 from said first ends of said leads;
an extension from said power bus extending
between two groups of said leads in a side-by-side
relationship to said leads;
said extension having substantially identical
10 geometric areas as said leads to act as false neighboring

leads to maintain equal capacitance for said leads.

6. The lead frame of Claim 1 wherein said
conductive leads have an angled mid portion, ones of said
conductive leads angled away from others of said
conductive leads.

7. The lead frame of Claim 6 wherein said
angled mid-portion of said conductive leads forms
trapezoidal areas, said trapezoidal ar=zas of all said

conductive leads being substantially identical.

/
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Iead frane connecting wires electrically connecting areas of said
intédgrated circuit to ones of said power buses and said conductive |eads to
forman active integrated circuit device. 21 - 13.
The apparatus of Claim 1l wherein said integrated circuit is Separated from

said lead frame by a 1|
. ; o AR

8. A lead frame comprising:

a sheet of conductive material;

openings through said sheet to define two groups
oflconductive leads separated by at least one power bus;

5 each group of ccnductive leads including a
plurality of elongated leads extending in a side-by-side
relationship normally to said power bus; and

the geometrical area of each of said leads being
substantially identical such that the capacitance of each

10 of said leads is substantially identical.

9. The claim of Claim 8 wherein the middle
portion of each of said 1leads has a trapezoidal
configuration of identical geometric area.

10. The claim of Claim 8 wherein said power bus
includes 'end portions oriented in a side-by-side
relationship to one of said groups of conductive leads,
said end portions having substantially identical geometric

5 areas as said conductive leads.

11. The claim of Claim 8 wherein said power bus
includes an extension disposed in the middle regidn
thereof, said extension extending normally from said bus
between ones of said conductive leads in a side-by-side

5 relationship, said extension having substantially the same
geometric area as said conductive leads to act as a dummy
lead to insure equal capacitance of said conductive leads.

12. The claim of Claim 11 wherein said

extension has a Y shaped confiquration, each leg of said Y
shaped configuration having the same geometric area as

corresponding portions of adjacent conductive leads.
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noé-c.pnduct ive |ayer. . 14. The apparatus of C ai m 13 wherein sai d
moriconducti ve | ayer includes adhesive to bond said | ead frane and said
integrated circuit. 15. The apparatus of Claim 14 and further

conprising a conductive |ayer over said nonconductive |ayer—te—aet-as a
noi se shield to said integrated circujt 16. Thegiﬁ ar at us of

Cl aim 15 wherein each of said conducti v%ll eads has a trapez "mu"u"wLm’
LW s %

configuration, the geonetric area of said trapezoidal confi
said | ead being substantially identical.

13. A lead frame for connection to an
integrated circuit comprising:
a pair of parallel elongated conductive buses;
first and second groups of conductive leads
5 ‘ arranged on opposite sides of said power buses, each said
group extending normally away from said power buses;
said conductive leads in each said group being
arrahged in a side-by~side relationship along the length
of said power buses;
10 _ | the area of each of said conductive leads being
substantially identical such that the capacitance of said
leads is substantially identical.

14. The apparatus of Claim 13 wherein said
integrated circuit is disposed beneath and supports said
lead frame, connecting wires electrically connecting areas
of said integrated circuit to ones of said power buses and

5 said conductive leads to form an active integrated circuit
device. '

15. The apparatus of Claim 13 wherein said
integrated circuit is separated from said lead frame by a
nonconductive layer.

16. The apparatus of Claim 15 wherein said
nonconductive layer includes adhesive to bond said lead

frame and said integrated circuit.

17. The apparatus of Claim 16 and further
comprising a conductive layer over said nonconductive

layer to act as a noise shield to said inteqrated circuit.

.________________________'————-————“
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17. The.apparatus of C aim 11 wherein each of said power buses includes and
spotti-ons which extend generally normally to the central said power buses
.and which lie side-by-side with said conductive | eads. 18. The
Tead frane of Caim 11l wherein each of said conductive | eads 1nc

first end portion adjacent and normal to one of said power
each of said conductive |l eads further including a central 'ﬂmmmg‘lﬁ”ml
fromnormal and further including a secenzizend portion renote

power buses and extendi ng nor mally to said power buses.

18. The apparatus of Claim 17 wherein each of
said conductive leads has a trapezoidal configuration, the
geometric area of said trapezoidal configuration of each
said lead being substantially identical.

19. The apparatus of claim 13 wherein each of
said power buses includes end portions which extend
generally normally to the central said power buses and
which lie side-by-side with said conductive leads.

20. The apparatus of Claim 13 wherein each of
said power buses includes a false lead extension which
extends normally from the.center of said power buses
between ones of said conductive leads, said extension

5 having a Y configuration with 1leg portions having
substantially identical areas as corresponding portions of
adjacent conductive leads.

21. The lead frame of Claim 13 wherein each of
said conductive leads includes a first end portion
adjacent and normal to one of said power buses; and

each of said conductive leads further including

5 a central portion angled from normal and further including
a second end portion remote from said power buses and

extending normally to said power buses.

-
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19“_ The | ead frame of Claim 18 Wwherein said central positions of said
eontucti ve | eads have a trapezoi dal configuration, the trapezoi dal bases of

gach of said conductive |eads being equal in’length to ensure said
trapezoi dal configuration of each conductive |lead is sub i y equal __in

g

22. The lead frame of Claim 21 wherein said
central positions of said conductive leads have_ a
trapezoidal configuration, the trapezoidal bases of each
of said conductive leads being egqual in length to ensure
5 said trapezoidal configuration of each conductive lead is

substantially equal in area.

23. The lead frame of Claim 21 wherein said
central portions of one-half of said first and second
groups df conductive leads extend at diverging angles to
the reqaining one-half of said conductive leads in each

5 said group.
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20.  The lead frame of Claim 18 ‘'wheréin said central portions of one-half
of ¥said first and second groups of conductive |eads exte di vergi ng
an‘gl es to the renaining one-half of said conductive |eads in eac

group. 21. An integrated circuit device corrprl ”ﬂ’

'ntegrated circuit encapsulated in an Ln%ﬁl ating package; Mg’uly
conductive | eads extending from connecti®ns to portions . of *safd 4 ‘/

circuit to external of said package; and at | east one power Bus*
extendi ng adjacent said integrated circuit and said conductive | eads;

sai d power bus including extensions oriented adjacent said conductive | eads
to act as false leads to :

24. An integrated circuit device comprising:

an integrated circuit encapsulated in an
insulating package;

conductive leads extending from connections to

5 portions of said integrated circuit to external of said

package; '

each of said conductive leads having
substantially identical capécitance as the remaining

conductive leads.

25.° The integrated circuit device of Claim 24
and further comprising:

at least one power bus extending adjacent said
integrated circuit and said conductive leads;

5 said power bus including extensions oriented
adjacent said conductive leads to act as false leads to
maintain equal capacitance of each of said conductive
leads.

26. The intzgrated circuit device of Claim 24
and further comprising:
an insulating layer disposed between said
integrated circuit and said conductive leads; and
5 a conductive layer disposed on said insulating
layer to provide noise shielding to said integrated

circuit.
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mai ntai n equal capacitance of edch 'of said conductive | eads. 22.
.The integrated circuit device of Claim21 and further conprising
.an- insulating layer disposed between said integrated circuit and said

*conductive | eads; and a conductive |ayer di SW
‘“i nsulating layer to provide noise shielding to said i nt e rated circul

23. An integrated circuit device conprising: j
circuit; a lead frane for be| ng d| sposed adJ a m ””"P
25

of said integrated circuit;

27. An integrated circuit device comprising:
an integréted circuit;
a lead frame for being disposed adjacent an
active side of said integrated circuit;
5 connecting wires interconnecting portions of
said integrated circuit to portions of said lead frame;
said lead frame including a plurality of
conductive leads arrayed in a side-by-side relationship
along at least one side of said integrated circuit;
10 said conductive 1leads having substantially
identical geometric areas to provide substantially
identical capacitances to said integrated circuit.

28. The integrated circuit device of Claim 27
wherein said integrated circuit comprises a dynamic random
access memory.

29. The integrated circuit device of Claim 27
wherein each of said conductive leads has an angled
portion which defines a trapezoid, the areas of the
trapezoids of said conductive leads being substantially

5 identical.

30. The integrated circuit device of Claim 27
and further comprising at least ocne power bus extending
substantially along the length of said integrated circuit,

said power bus including false lead extensions which lie

5 adjacent ones of said conductive leads to.ensure that said
-conductive leads have  substantially identical
capacitances.
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cormectl ng wires interconnecting porti'ons of said integrated circuit to
portjons of said |lead frane; said lead frame including a

plarality of conductive |eads arrayed in a side-by- SW
at | east one side of said integrated circuit;

23 said conductive |eads having subst ant \nm“i
geonetric areas to provide substantially identical 4 “H
integrated circuit; and _

- 26 -

31. The integrated circuit device of Claim 30
wherein said false lead extension comprises the end

portions of said power bus.

32. The integrated circuit device of Claim 30
wherein said false lead extension comprises a centrally

located extension from said power bus.

33. The integrated circuit device of Claim 32
wherein' said centrally located extension has a Y
configuration, each leg of said configuration having a
.substantially identical area as the corresponding area of
5 a neighbor conductive lead.

34. The integrated circuit device of Claim 27
wherein ones of said conductive leads are angled away from
others of said conductive leads.

35. .The integrated circuit device of Claim 27
arrd further comprising a conductive shield formed between
said integrated circuit and said lead frame to provide
noise shielding.
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at. | east one power hus extending Substantially along the I ength of said
-~ ihtegrated circuit, said power bus including fial se | ead extensi ons which
. Is-e adjacent ones of said conductive |leads to ensure that said conductive

° | eads have substantial ly i denti cal capacitances. 24. The
“integrated circuit device of Claim23 wherein said integrated circuit
conpri ses a dynam ¢ random access nenory. 25. The integrated

circuit device of Caim23 wherein each of said conductive | eads has an
angl ed portion which defines a trapezoi 87 the areas of the trapezoids of
sai d conductive | eads being substantially

BALANCED CAPACITANCE LEAD FRAME FOR INTEGRATED CIRCUITS

ABSTRACT OF THE INVENTION
A lead frame (10) is connected over an
integrated circuit (40) by adhesives (42) and (44). Each
lead conductor (16) and (18) of the lead frame (10) has
5 the identical geometric area in order to provide identical

capacitaﬁces. A metal shield may be provided on adhesives
(42) and (44) to provide noise shielding for the
integrated circuit (40). .
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rdentlcal : . 26. The |ntegrated circuit device of Caim 23,

. Whérein said fal se | ead extension conprises the end portions of said power
. bus. 27. The integrated circuit device of Caim23 wherein said
*fal se | ead extension conprises a cen;rglly | ocat ed extension fromsaid
apower bus. 28. The integr { d circuit device of Caim27 wherein
said centrally |l ocated extension has a Y configuration, each |leg of said
configuration having a substantially |dent|cal area as the correspondi ng
area of
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‘a nei é]hbour conductive | ead. ) 29. The integrated circuit device
s0of ¢l aim 23 wherein ones of said coffflictive | eads are angl ed away from
" sothers of said conductive |eads. ' 24

18

12 14

FIG. 3
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géb. Tﬁe integrated circuit devi*ce’of Claim23 and further conprising a
_ cbnductive shield fornmed between said integrated circuit and said | ead
" .frame to provide noise shielding.
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